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Data and Methods

Introduction

Since 2017, student cohorts from Clark Univeristy's HERO program have worked
closely with the Greening the Gateway Cities Program (GGCP) regarding various
tree planting initiatives in Massachusetts' Gateway Cities. GGCP aims to reduce
cooling-related energy consumption, exacerbated by rising air temperatures in
urban areas. The Massachusetts Department of Conservation and Recreation
placed HOBO sensors to record temperatures following tree planting initiatives in
select Gateway Cities. The current project will look at the temperatures recorded by
the HOBO sensors in Fall River, Chelsea, and Holyoke. We will model the relationship between the number of trees planted within a 100m buffer of each sensor in
each of the three cities.

Research Objectives

The research objectives for the current project are:
1. Identify the canopy cover, impervious surface cover, and trees planted by the
DCR around each HOBO sensor.
2. Model the effects of percent canopy cover, percent impervious cover, and the
number of trees planted on temperature at peak energy load hours in Holyoke,
Chelsea, and Fall River between 2016 and 2019.

Study Area

The study area consists of three Gateway Cities: Fall River , Chelsea, and Holyoke.
Each of these cities hosted planting initiatives through MassDCR, and have a
lower-than-average Median Household Income(MHI). In the maps below, the blue
dots represent the HOBO Sensors located in the Planting Zone and the red dots in
the Control Zones, the black line delimitates the Planting Zone.
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Temperature

We first identified the hottest days of the year for each year between 2015 and 2019
as well as the hottest days for June, July, and August. Then, we sought to find
associations between the maximum daily temperature of the hottest days of 2016
to 2019 and the amount of trees planted by the DCR within a 100m buffer. We
focused on single-family and multi-family residential land use since they had the
greatest number of temperature sensors.

Fall River

We found no statistically significant relationship between temperature and trees
planted by the DCR in Fall River.
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Chelsea

We found no statistically significant relationship between temperature and trees
planted by the DCR in Chelsea.
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Figure 1 - Map of Fall River, Chelsea, and Holyoke

Holyoke

Mount Hope Bay

There is a significant negative correllation between trees planted by the DCR and
temperature in Holyoke in 2019.
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Figure 2 - Fall River Study Area Map

Figure 3 - Chelsea Study Area Map

Figure 4 - Holyoke Study Area Map
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Fall River
We hypothesize that that because of the hetergenous nature of Fall River
geography, proximity to Mount Hope Bay, the young age of trees planted by the
DCR, and lack of 2016, 2017 and 2019 data, we were not able to find a relationship
between temperature and number of trees.
Chelsea
Chelsea is city with 73% impervious surface cover, and it also has the youngest
trees out of all three study sites. The literature suggests more canopy cover is
needed to overcome large areas of impervious surface, so we hypothesize that as
the trees grow, there will be a drop in temperature that will be significant.
Holyoke
We can say that for every tree planted in single and multi-family residential
locations, there is a statistically significant temperature decrease of .07 degrees in
response. We also tested this across all land uses for canopy cover and
impervious surface percentage in the table below. Holyoke again was the only city
with a result that was approaching significant. They have the oldest trees and a
more homogenous land use that may also be linking forest fragments to create
greater cooling trends.

July 20th, 2019:
R2 = 0.497, P-Value = 0.019

Coefficients

P-value

# of Trees Planted

-0.06733

0.06403

Canopy Cover %

0.29757

0.01681

Impervious Surface %

0.21896

0.00653

Research Implications
Our results in Holyoke could be indicative of urban tree planting having significant
cooling effects within gateway cities in Massachusetts. What would have been
more definitive would have been if we had data from the control year past 2017,
which would have made a stronger case for cooling as we could have compared the
planted and control sites across a time series. As data from 2018, 2019, and 2020
from Fall River is collected and as trees mature across all site areas, we will be able
to see if Chelsea and Fall River develop similar cooling trends to Holyoke. The
implications of cooling across multiple study sites would be the bolstering of tree
planting initiatives by the Massachusetts DCR in gateway cities. They would have
quantitative proof of cooling effects of their program. As this is the only statewide
initiative of its kind in the U.S., this has broader policy implications for other states
looking to lower urban temperatures in their gateway cities. Our methods of our
approach are replicable and could be used in these new initiatives.
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